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Synthesis and monomer reactivity ratios
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Summary

Copolymers coraining vinyltrimehoxyslane (VIMOS) and 2-vinylpyridine (2VPy)
at different compositions were synthesized and characterized. ®hemmer reactivity ratios
r, and r were estimated by using the classical Fine/Rass and Klen Tudos linear itting
procedures. Moreover, these @areters were also estimated using reonlinear
computational fittingknown as Ractivity Ratios Eor in Variable Method (RREVM).
Attempts to obtain the arresponding copolymer with vinyilnethylsilane (VTMS) were
performed but only hompolymieation 2VPy is observed due to th®on-ractivity of
VTMS under this contions. The results were analysed in terms of the relative
comonomeric structures and compared with similar related systems. The reactivities are
interpreted in terms of the resonance and stabilization effects together with the chemical
structure.

Introduction

The increasing interest in sitin-cortaining polymers and apolymers aplicable as
electonic, optical and semomdwcting materials, precursors ¢&-silicon carbide, ceramic
precursors etc., has promoted the developmentlioos-cortaining polymers with a well
controlled molecular weight and molecular weight distribution as well as controlled
microstructure and monomer sequences in the case of copolymerseddiaity of vinyl
silane and related omomers in radical apolymerzation with different other wnomers is
strong dependent on the pam of the Si atom relative to the vingroup (1-6). If the Si
atom is close to the vinyl group theactivity ratiofor the slane nonomer is zero due to the
dreprt interactions between the Si atom and the vigndup as it has been pointed out by
Rao et al (2). On the other hand, thesrlcal structure of the camorner should play some
role on the reactivity behasir of vinyl slane trough the stabzation of the intermediate
radical. Cononomers with pooreaactivity with themselveshsuld enhance theeactivity of
silane derivatives, taking into amnt the lowelecton-attracting nductive effect of silicon
atom (7). In &ct, vinyl silanes(8-10) have been copolymeed with styrene, acrylonitrile
and other monomers using radical initiators. Babu et (@) have reported the
copolymeization of styrene with various vinyl silane€opolymers cotaining Si show
great inprovement in thephyscal propeties of siliconerubbers which can be iganized at
room temperature when they are blended.ohder to improve the propies of this kind of
copolymers it is desirable to control the amount itZnge derivative and the camomer in
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order to change the hydrapbt/hydrophobic atio. However, this is a unfavourable process
due to the low copolymemability of vinylsilicon conpounds kcause their relative
reactivities in opolymeization are nearly zerd, 11).

The aim of this wrk is the copolymeézation of vinyltrimehoxyslane (VTMOS) and
vinyltrimethyl silane with2-vinylpyridine in order to compare theielative reactivities and
therefore to be able to syntlms copolymers with contdted anount of gicon atoms in the
polymer chain.

Experimental

Monomer and copolymer preparation

Commercial samples oR-vinylpyridine (2VPy), vinyltrmethylsilane (VTMS) and
vinyltrimethoxyslane (VTMOS) from Aldrich had been previously dided under vacuum
for use in copolymezation. Copolymezation of the nanomers was carried out in bulk at
323 K under nitrogen, usingafa'-azobisisobutyronitie (AIBN) (0.4 % mol). The
monomer feed ratio was varied in a series @fatymeizations of both comnomers in each
series, as shown in Table 1. Polymerization time was varied to obtamnwersion of
monomer to polymer about 10%. Pugé#tion of the opolymers was achieved by egied
dissolution in methanol and reprecipitation with ethyl ethdodeevacuum drying at 313 K.

Copolymer chareterization

Copolymers were chacterized by'H-NMR in a Bruker AC-200 spctrometer using
TMS as an internal standard and deuteratedrofdrm as solvent. FTIR sptra in KBr
were performed using a Bruker IFS 25 instrument. Copolymer cotigmosvas determined
by elementary analysis following the muigen content of the relsing copolymers from
different feed compositions.

Results and Discussion

Table 1 summarizes theogolymeization parameters at different feed compositions
(M). This Table also shows the resulting copolymer coitipas (dM). Data are
presented considering VTMOS asomomer 1 (top) or 2VPy as monomer 1 (bottom).
According to these results the riswg copolymer incorpates a larger aount of 2VPY
than VTMOS as a consequence of the differemnomer reactivities. ®Mhomer reactivity
ratios (MRR) was esmated using the classical straight-line intersectionhowd such as
Fineman-Ross (12) andeken Tudos (13). Figures 1-a and 1-b show both reptasens,
i.e., Gvs F and vs where:

G=Fri-r (1)

2
according to Fineman-Ross Wiﬂa:M F== x=MM, and y=dM/dM, and
y y

77=("1+r—2) =4
a a

(2)

according to Ilen-Tudos with n=% and ¢ = where n and & are
a

a +F
mathematicalfunctions of the mole ratios of anomers in the feed and in the copolymer,
a = (F Fn)” whereF, andFy, are the lowest and higher value of the calculatefdof the

series of measuremerts 13).
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Table 1: Copolymerization data for copolymer (VITMOS-co-2VPy): composition in feed
(M1), resulting composition in the copolymer (dM}), ratio of monomer concentration (x),
concentration ratio of the copolymer components (y), Fineman and Ross parameters G and

F and Kelen-Tiidos parameters 1}, § and a.

Monomer 1 [ M, |dM, [x

F

G

y m 3
40 _[4.65 |0.6667 |0.0498 [8.9255 [-12.721 |-0.2803 |0.2522
VIMOS {50 [6.52 [1.0000 {0.0698 |14.3267 |-13.327 | -0.2624 |0.2821
(@ =3647) |60 | 771 |1.5000 |0.0835 |26.9461 |-16.464 |-0.2596 |0.4249
80 | 9.70 [4.0000 [0.1074 |148.978 [-33.244 |-0.1793 |0.3034
20 190.0 [0.2500 [9.3003 [0.0067 [0.2232 |6.6036 [0.1982
2VPy 40 192.9 [0.6667 |11.9702 [0.0371 |0.6110 [9.5171 [0.5779
(a=0.027) [30 [93.8 [1.0000 | 14.3374 [0.0698 |0.9303 [9.6006 |0.7203
60 [95.5 |1.5000 |20.5054 [0.1097 |1.4269 [10.4306 |0.8019

Table 1 also summarizes the different parametemyesponding to both linear
procedures whichallow to obtain Fgures 1-a and 1-b. From these Figures the monomer
reactivity ratios yand ¢ can be determined.Table 2 compiles thand r values determined
by both procedures and good egment isfound. Nevertkless, these linear methods are
not enough eliable because they use statistically invalid assumpfibdy but their results
are useful as starting values for nonlinear proceduresadty fronomer reactivity ratios can
be estimated usingrocedures based on theatsstically valid eror-in-variables model
EVM) which are currently used nowadays (14-16). Figure 2 shows the 95% posterior
probablity contour for esimated r and ¢ for VTMOS-m-2VPy copolymer starting from
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Figure 1. Fineman Ross (a) and Kelen Tiidos (b) plots of the copolymerization
parameters for (VITMOS-co-2VPy)
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the r and r values obtainedrom the Kelen Tudos procedure as starting values. These
values were generated usingogs of 1 % for the monomer feed compiam and 5% for the
copolymer compason. The r and g values obtained by thisonlinear procedure are also
summarized in Table 2. Therobahlity contour determined by this way, usually show an

elliptical shape, but in this case (MDS-0-2VPy) is only a line of probdlity because sis
always zero in this copolymer.

Table 2: Monomer reactivity ratios ry and rp obtained by Fineman-Ross, Kelen-Tudos and
RREVM methaods for P(VTMOS-co-2V Py).

Method r
VTMOS 2VPy
FR 1=2VPy 0.0* 11.5
2=VTMOS 0.0* 11.7
KT 0.0* 11.7
RREVM 0.0* 15.7

* Low values of MRR which are approximately zero.
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Figure 2. The 95% posterior contour for estimated r, and r, for VIMOS-co-2VPy
copolymer.

The values of the monomer reactivity ratios arg@od ageement irrespective of the
procedure followed. The resonanceeeff in 2VPy is reflected in these values. In fact,
among the dctors that influence the monomer reactivity, the stabilization of the radical
during the growing process plays an important role (17). As theiliztaion of the
intermediate radical increases, the reactivity with itself also increases antbréhé¢he other
comonomer is less reactive. In this case the stabilization of the intermediate in 2-
vinylpyridine radcal, is fasoured due to the stdization by resonance. The reaction
between both monomers is kineticalipfavoured process and the rfa@tion of small blocks
of the more reactive amomer is favoured. Therefore the copolymer sequence should be
composed of isolated WOS units (f,,.,.=0) between small blocks of 2VPy. lorder to
analyze this peculiar behawir, copolymeration of vinyltrimethylsilane (VTMS) with
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2VPy was attempted. Only hapolymeization of 2VPy is observed irrespective of the
feed composition. However, the behaviour of copolymerstatoimg VIMOS radcals is
different due to the presence of oxygen atoms. Therefore, somézatan of VTMOS
radicals takes place, because the ebecattracting effect of the substituent. It is interesting
to compare these results with those previously reported for VIMS andO@&T with
vinylpyrrolidone (VP) (1). Those stemms show reactivities of VTMS and WIOS relative

to 2VPy follow the same trend than bothomorners with VP. However, there is an
important difference between both systems, which is that the reactivity of 2VPy with
VTMS and VTMOS is notably larger than theactivity of both nanomers with VP. In the
former system, the stabilization by resonance of the 2VPy radical is higher than the
corresponding stalization of the VP radical. In fact, 2VPy hapolymeizes, against
VTMS and give rise to small blocks of 2VPy with isolated units ofWOS. In the second
case the stabilization by resonance of the VP radical momthan 2VPy and therefore a
larger reactivity of VTMS and VWMOS against VP giving aopolymer with snall blocks of

VP with VTMS and a perfectly rmlom copolymer with VIMOS.
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